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Chapter One: Literature Review
Beyond	extending	memory	capacity,	the	process	of	feature	binding	also	underpins	memory	for	coherent	object	and	scene	representations,	a	process	that	creates	a	challenge	for	the	cognitive	system,	with	each	visual	feature	dimension	(e.g.,	colour	,	size,	shape,	&	location)	processed	separately	by	feature-speci>ic	modules	in	the	visual	cortex	(Livingstone	&	Hubel,	1988;	Tootell	et	al.,	1996).		Thus,	the	cognitive	system	needs	to	correctly	combine	features	into	uni>ied	wholes	-	referred	to	as	the	binding	problem	(Herzog,	2009;	Howe,	&	Ferguson,	2015;	Treisman,	1996;	Wolfe,	2012).		This	seemingly	effortless	process	represents	a	particular	challenge	for	some	subsets	of	the	population.	For	instance,	binding	ability	has	been	shown	to	be	de>icient	in	those	with	dyslexia	(Jones,	Branigan,	Parra	&		Logie,	2013)	who	appear	de>icient	in	their	use	of	location	information	to	assist	in	recall	of	visual-phonological	pairings.	This	is	thought	to	partly	explain	the	reading	dif>iculties	of	those	with	dyslexia	in	comparison	to	those	without.	Such	de>icits	are	also	present	in	those	with	Alzheimer’s	disease	(AD).	Comparing	memory	performance	in	healthy	older	adults	and	those	with	AD	often	shows	memory	for	bound	combinations	of	features	to	be	de>icient	while	memory	for	individual	features	remains	relatively	intact	(Parra	et	al.,	2009,	2010).	Similar	is	shown	in	respect	of	those	with	Balint’s	syndrome,	a	triad	of	neurological	impairments	rendering	those	with	the	condition	unable	to	perceive	the	visual	>ield	as	a	whole	(simultanagnosia),	experiencing	dif>iculty	in	>ixating	on	speci>ic	points	(oculomotor	apraxia)	and	unable	to	move	their	hand	to	a	speci>ic	object	using	vision	(optic	ataxia;	Perez,	Tunkel,	Lachmann,	&	Nagler,	1996).	Balint’s	syndrome	leaves	those	with	the	condition	unable	to	demonstrate	memory	for	bound	combinations	of	features	above	chance	level,	thought	to	represent	inability	to	attentively	consolidate	
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Chapter One: Literature Review
Baddeley	(2000)	added	a	new	component	that	accounted	for	this	shortfall;	the	episodic	buffer	(Figure	1.2).		The	episodic	buffer	component	has	the	ability	to	combine	information	from	the	separate	stores	within	working	memory,	perceptual	input	and	long-term	memory,	which	it	converts	into,	then	stores	in	multidimensional	code.	Critically,	and	as	previously	mentioned,	a	common	question	in	feature	binding	research	is	whether	the	process	of	binding	features	together	occurs	automatically	(requiring	little	to	no	cognitive	effort	beyond	that	required	in	maintaining	memory	for	individual	features),	or	whether	binding	is	an	active,	cognitively	demanding	process	(Allen	et	al.,	2006;	Elsley	&	Parmentier,	2009).	Indeed,	that	feature	binding	should	be	an	effortful	process	was	a	key	prediction	of	the	episodic	buffer	as	initially	proposed,	because	access	to	the	buffer	from	the	slave	systems	was	assumed	to	occur	via	the	central	executive	(and	conscious	awareness).	Hence	the	episodic	buffer	was	not	assumed	to	be	an	implicit	(automatic)	system	(Baddeley,	Allen	&	Hitch,	2011)	as	any	binding	process	occurring	within	the	buffer	was	subject	to	the	attentional	gatekeeping	of	the	central	executive.	
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Chapter One: Literature Review
required	that	the	participant	continued	this	backward	counting	from	presentation	of	the	array,	until	a	button	is	pressed	registering	the	participant’s	judgement	of	the	probe,	while	Allen	et	al.	(2006)	only	required	counting	to	continue	during	presentation	of	the	initial	array	and	during	the	delay,	but	counting	was	to	be	ceased	once	the	probe	item	was	displayed.	This	led	to	the	possibility	that	it	was	speci>ically	recall	of	the	bound	combinations	that	was	disproportionately	affected	by	the	backward	counting,	and	not	the	binding	process	at	encoding;	As	such,	Allen	et	al.	(2012)	used	backward	counting	until	a	decision	had	been	made,	in	line	with	Brown	and	Brockmole	(2010).	Additionally,	Brown	and	Brockmole	(2010)	presented	their	array	for	900ms,	considerably	longer	than	the	250ms	used	by	Allen	et	al.	(2006).	This	pushed	memory	for	the	single	feature	of	colour	to	near	ceiling,	and	with	memory	for	shape,	and	for	colour	and	shape	conjunctions,	consistently	shown	to	be	poorer	than	memory	for	colour	alone	(e.g.	Allen	et	al.,	2006;	Brown	&	Brockmole,	2010;	Song	&	Jiang,	2006;	Wheeler	&	Treisman,	2002).	This	increased	presentation	time,	combined	with	smaller	arrays	of	three	objects	(as	opposed	to	four	in	Allen	et	al.,	2006)	may	have	arti>icially	created	an	apparent	interaction	through	effectively	boosting	single	feature	memory	performance.	To	address	this,	Allen	et	al.,	(2012)	used	a	consistent	array	presentation	time	of	1000ms,	and	tested	set	sizes	of	both	three	and	four.	Their	>indings	indicated	that	even	taking	differences	between	the	studies	of	Allen	et	al.	(2006)	and	Brown	and	Brockmole	(2010)	in	to	account,	surface-feature	binding	was	not	disrupted	by	the	addition	of	a	concurrent	load	task.		
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This	again	supports	the	assertion	that	surface	feature	binding	occurs	relatively	automatically	in	VSTM	and	the	authors	suggested	that	perhaps	surface-feature	binding	occurs	in-house	in	the	visuo-spatial	sketchpad,	perhaps	as	a	result	of	earlier	perceptual	processing.	These	already	bound	features	may	then	be	fed	through	to	the	episodic	buffer.	Furthermore,	while	Brown	and	Brockmole	(2010;	discussed	in	depth	later	in	this	chapter),	initially	appeared	to	provide	some	evidence	that	surface	feature	binding	may	be	speci>ically	affected	by	an	attentionally	demanding	secondary	task,	Allen	et	al.	(2012)	proposed	that	these	>indings	may	be	accounted	for	by	a	difference	in	the	statistics	used	to	measure	performance.	While	Allen	et	al.	(2006)	used	d’	as	a	measure	of	signal	detection,	Brown	and	Brockmole	(2010)	instead	used	A’.	While	these	signal	detection	measures	elucidate	main	effects	in	a	manner	consistent	with	one	another,	Allen	et	al.,	(2012)	argued	that	A’	appears	to	over-estimate	the	presence	of	an	interaction	giving	rise	to	the	observation	of	a	speci>ic	decline	in	feature	binding	performance	under	higher	cognitive	load	in	this	change	detection	task.	In	sum,	the	majority	of	studies	using	the	cognitive	load	method	appear	to	converge	in	their	>indings	that	surface-feature	bindings	are	stored	in	memory	using	no	more	cognitive	effort	than	memory	for	single	features,	supporting	the	contention	that	this	type	of	binding	may	proceed	relatively	automatically	in	VSTM	(Allen	et	al.,	2012).		Further	evidence	for	this	idea	can	be	found	by	examining	studies	that	have	examined	suf>ix	effects	in	the	context	of	binding	memory,	discussed	in	detail	below.	
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Chapter One: Literature Review
categories:	those	that	explicitly	instruct	memory	for	bindings	-	intentional	binding	paradigms	(e.g.	Allen	et	al.,	2006;	Allen	et	al.,	2011;	Brown	&	Brockmole,	2010;	Ueno	et	al.,	2011a;	2011b),	and	those	that	assess	whether	binding	has	occurred	in	spite	of	no	explicit	instruction	to	do	so	-	incidental	binding	paradigms	(e.g.	Campo	et	al.,	2010,	Elsley	&	Parmentier,	2009;	2015;	Olson	&	Marshuetz,	2005).	This	key	methodological	difference	may	be	at	the	heart	of	differences	noted	in	terms	of	the	attentional	requirement	of	surface-feature	binding	and	location	binding.	While	Allen	et	al.	(2006)	found	no	evidence	that	surface-feature	binding	requires	attentional	resources	beyond	that	required	for	single	feature	memory,	other	studies	(Incidental:	Keizer	et	al.,	2015;	Intentional;	Elsley	&	Parmentier,	2009)	are	more	mixed	as	to	whether	incidental	location	binding	is	cognitively	demanding.	Critically,	while	it	may	appear	that	binding	type	(surface-feature	or	location	binding)	drives	whether	or	not	the	binding	process	requires	cognitive	effort,	existing	studies	leave	open	the	possibility	that	it	is	instead	the	method	of	binding	assessment	(intentional	or	incidental	encoding	instructions)	that	explains	the	differences	observed.		Accordingly,	one	aim	of	the	current	thesis	is	to	contrast	location	binding	and	surface-feature	binding	using	only	the	intentional	binding	paradigm	developed	by	Allen	et	al.	(2006).	This	issue	forms	the	basis	of	Chapter	2.	Further	evidence	relating	to	both	the	issue	of	the	attentional	requirement	for	binding	and	differences	in	binding	type	can	be	found	in	the	ageing	literature,	discussed	in	detail	below.		
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Brockmole,	Parra,	Della	Sala,	and	Logie,	(2008)	focused	on	whether	the	general	decline	of	visual	working	memory	that	occurs	as	a	function	of	healthy	ageing	can	be	explained	by	feature	binding	de>icits.	The	study	began	by	investigating	whether	number	of	features	or	number	of	objects,	is	the	limiting	factor	in	older	adult	visual	memory	through	the	use	of	a	simple	change	detection	task	(Experiment	1).	Participants	were	shown	an	array	of	objects	that	varied	in	set-size	between	two,	four,	or	six	coloured	shapes.	The	experiment	showed	a	general	decline	in	performance	with	older	adults	showing	poorer	memory	for	both	single	features	and	conjunctions	of	features,	but	no	speci>ic	decline	in	memory	for	either	task	relative	to	younger	adults.	Experiment	2	used	consistent	set	sizes	of	four	and	six	objects,	to	investigate	single	feature	memory	(colour,	or	shape)	and	feature	conjunction	memory	(combinations	of	colour	and	shape)	across	younger	and	older	adults.	As	is	commonly	found,	younger	adults	performed	better	on	the	task	assessing	memory	for	colours	than	for	shapes,	and	better	for	shapes	than	for	conjunctions.	Older	adults	here,	at	>irst	glance	appeared	to	exhibit	a	speci>ic	binding	de>icit.	However,	this	was	in	fact	driven	by	poorer	memory	for	shapes	as	a	single	feature	rather	than	for	conjunctions	in	particular.	Finally,	in	their	Experiment	3	they	investigated	the	impact	of	varying	the	delay	time	between	array	and	test.	Again	the	increased	delay	time	in	Experiment	3	caused,	in	older	adults,	a	small	reduction	of	performance	where	memory	for	conjunctions	of	colour	and	shape	were	required	but	crucially	did	not	result	in	performance	markedly	poorer	than	that	exhibited	by	younger	adults.	Thus,	older	adults	showed	a	general	decline	in	visual	memory;	a	decline	that	was	not	speci>ic	to	the	creation	and	storage	of	bound	feature	combinations.		
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Building	on	this	>inding	of	a	general	decline	in	visual	memory	as	a	function	ageing,	Brown	and	Brockmole	(2010)	used	a	paradigm	similar	to	Allen	et	al.	(2006)	where	younger	and	older	adults	were	required	to	commit	to	memory	an	array	of	coloured	shapes	under	instruction	to	remember	colours	only,	shapes	only,	or	the	conjunction	of	colour	and	shape	features.		A	single	probe	item	presented	in	a	neutral	location	was	then	responded	to	on	the	basis	of	whether	it	was	present	in	the	array	or	not	(this	probe	item	consisted	of	only	the	task	relevant	feature;	e.g.	a	blob	of	colour	in	the	colour	only	condition,	a	shape	with	no	colour	>ill	where	the	task	required	memory	of	only	the	shape,	a	coloured	shape	where	the	probe	was	testing	memory	for	conjunctions	between	colour	and	shape).	Brown	and	Brockmole	(2010,	Experiment	1)	showed	that	for	both	younger	and	older	adults,	memory	was	slightly	worse	for	conjunctions	than	for	single	features,	but	that	no	speci>ic	de>icit	was	present	for	binding	in	the	older	adult	sample.		In	addition,	in	the	same	experiment	younger	and	older	adult	performance	was	assessed	under	low	cognitive	load	(repeating	a	two	digit	number	aloud)	and	high	cognitive	load	(counting	backwards	in	threes	from	a	two	digit	number	given	at	the	start	of	each	trial).	The	rationale	of	this	comparison	was	that	under	high	cognitive	load,	younger	adults’	performance	may	mimic	that	of	older	adults	if	older	adult	performance	suffers	as	a	consequence	of	reduced	attentional	resources.	The	>indings	suggested	that	both	age	groups	performed	more	poorly	under	high	cognitive	load	in	both	the	single	feature	and	feature	binding	conditions,	but	there	was	no	speci>ic	detrimental	effect	of	cognitive	load	on	binding,	and	no	evidence	of	impaired	binding	performance	in	the	older	adult	sample.	This	>inding	suggests	that	binding	both	draws	no	more	heavily	on	attentional	resources	in	working	memory	than	
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of	900ms	and	1500ms	investigating	the	issue	of	a	decline	in	processing	speed	in	healthy	ageing,	under	the	premise	that	older	adult	processing	speed	may	simply	be	longer	than	younger	adults	(e.g.	Salthouse,	1996).	As	such,	allowing	older	adults	longer	to	process	the	objects	on	display	may	alleviate	any	difference	between	younger	and	older	adults	by	addressing	the	slower	processing	speed.	While	younger	adults	showed	no	impact	of	the	shorter	presentation	time	on	their	feature	binding	performance,	older	adults	elicited	poorer	performance	in	the	feature	binding	condition,	compared	with	performance	in	the	shapes	only	condition	(the	more	dif>icult	of	the	single	feature	memory	conditions)	in	line	with	the	suggestion	that	some	of	the	older	adult	de>icits	in	working	memory	tasks	may	be	driven	by	slower	processing	speed.	Overall	then,	although	older	adults	consistently	showed	poorer	memory	for	feature	bindings	relative	to	single	features	in	all	three	conditions,	this	was	analogous	to	younger	adults	who	also	showed	negative	effects	of	sequential	presentation,	and	of	suf>ix	interference,	in	their	memory	for	bound	feature	combinations.	Thus,	Brown	et	al.	(2016)	conclude	that	there	is	no	visual	binding	de>icit	as	a	function	of	healthy	ageing.	Although	older	adults	appear	unimpaired	during	surface-feature	binding	tasks,	there	is	evidence	to	suggest	their	location	binding	performance	is	worse	than	that	of	their	younger	counterparts	(e.g.,	Cowan	et	al.,	2006;	Mitchell,	Johnson,	Raye,	Mather	and	D’Esposito,	2000).	This	issue	is	discussed	in	detail	below.	
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explicit	feature	binding	of	surface-features	(that	is,	where	memory	for	combinations	of	colours	and	shapes	is	explicitly	required	in	order	to	complete	the	test),	the	location	binding	studies	of	Prabhakaran	et	al.	(2000)	in	addition	to	Elsley	and	Parmentier	(2009)	were	slightly	different	in	that	participants	were	required	to	respond	as	to	whether	verbal	and	spatial	features	had	been	present	in	the	array,	regardless	of	their	initial	pairings.	Consequently,	explicit	memory	for	the	bindings	was	not	a	task	requirement.	This	distinction	between	incidental	and	explicit	binding	could	potentially	drive	the	different	results	observed	across	existing	studies.	Therefore,	Chapter	3	uses	an	incidental	binding	paradigm,	of	the	type	used	by	Campo	et	al.	(2010),	to	contrast	the	performance	of	younger	and	older	adults	in	verbal-spatial	binding	(Experiment	6)	and	visual-spatial	binding	(Experiment	7),	in	addition	to	assessing	the	role	of	attention	(and	whether	this	can	be	used	to	explain	the	performance	of	older	adults)	in	incidental	visual-spatial	binding	(Experiment	8).	The	>inal	empirical	section,	Chapter	4,	further	investigates	the	ageing-context	hypothesis	using	an	adapted	form	of	Olson	and	Marshuetz’s	(2005)	incidental	binding	paradigm	to	assess	whether	older	and	younger	adults	address	the	binding	tasks	used	in	Chapter	3	in,	cognitively,	the	same	manner.	Chapter	5	presents	a	compiled	discussion	of	the	key	>indings	from	the	empirical	chapters.		
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Chapter	Two.	Binding	Performance:	Ageing	and	Attentional	Requirement.	
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 Figure	2.2.	Trial	procedure	and	example	arrays	and	probes	in	each	condition	of	Experiment	1.	
	  74




Chapter Two. Binding Performance: Ageing and Attentional Requirement.
the	probe	matched	the	array,	while	on	non-match	trials,	a	colour	and	shape	feature	were	recombined	to	form	the	probe.	In	the	shape-location	binding	condition	the	array	consisted	of	three	of	the	un>illed	shapes	appearing	in	three	of	the	locations.	The	probe	consisted	of	a	shape	presented	in	one	of	the	locations	occupied	in	the	TBR	array.	On	match	trials,	the	probe	consisted	of	a	shape-location	combination	that	was	present	in	the	TBR	array,	while	on	lure	trials,	a	shape	switched	locations	with	a	different	TBR	shape.		See	Figure	2.2	for	a	diagrammatic	explanation	of	the	“yes”	(match)	and	“no”	(lure)	response	trial	types	for	each	condition.	The	task	lasted	approximately	50	minutes.	
2.2.1.5	Data	Analysis	The	analyses	presented	below	are	initially	presented	as	a	multifactorial	2	(age	group:	young	adult;	older	adult)	X	6	(task	type:	Colour,	Shape,	Location,	Colour	&	Shape,	Colour	&	Location,	Shape	&	Location)	mixed	ANOVA.	Following	this,	in	order	to	ensure	that	each	facet	of	this	study	can	be	directly	compared	to	Allen	et	al.	(2006)	and	Brown	and	Brockmole	(2010),	each	analysis	is	divided	so	that	each	binding	type	(and	constituent	features)	is	assessed	independently	as	a	function	of	age.		For	each	binding	type,	the	data	were	subjected	to	2	(age	group:	younger	adult;	older	adult)	x	3	(task	type:	feature,	feature,	feature	conjunction)	ANOVA	for	repeated	measures,	with	age	group	as	a	between	subjects	factor.	As	accuracy	was	stressed	rather	than	speed,	the	analyses	presented	here	focus	on	accuracy	(d’) .	As	in	Allen	et	al.	(2006),	response	latencies	are	not	reported.	1
 D-prime cannot be calculated from scores of 0 or 1. Thus, in accordance with Stanislaw 1
and Todorov, (1999), these hit and false alarm rates were adjusted using the 1−1/2N and 
1/2N formulas respectively where N is equal to the total number of “no” (N=25) or 
“yes” (N=25) trials.
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	 	 	 	 Comparisons	(df=31)																																																																																																																																							t-statistic	(BF10)Task	Type Mean Standard	Deviation 	 Colour Shape Location Colour	&	Shape Colour	&	Location Shape	&	Location
Colour 2.55 0.79 - 7.26**	(394242.91) 0.10							(0.19) 6.17**	(22592.19) 1.88														(0.90) 4.34**	(187.61)
Shape 1.78 0.64 - - 5.71**	(6655.17) 1.88														(0.90) 3.34**	(16.22) 1.41														(0.46)
Location 2.53 0.88 - - - 6.45**	(47362.62) 1.65										(0.63) 4.34**	(186.81)Colour	&	Shape 1.51 0.79 - - - - 4.35**	(190.42) 3.10**			(9.50)Colour	&	Location 2.29 0.95 - - - - - 1.92						(0.96)Shape	&	Location 1.96 0.74 	 - - - - - -*p	<	.05			**p	<	.01
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	 	 	 	 Comparisons	(df=18)																																																																																																																																		t-statistic	(BF10)Task	Type Mean Standard	Deviation 	 Colour Shape Location Colour	&	Shape Colour	&	Location Shape	&	Location
Colour 2.31 0.65 - 4.79**							(197.59) 7.04**	(12891.65) 5.69**	(1109.65) 1.42						(0.57) 3.23**				(9.91)
Shape 1.81 0.67 - - 4.74**	(182.84) 1.10									(0.40) 2.68*					(3.65) 0.30						(0.25)
Location 1.23 0.42 - - - 2.39*							(2.23) 5.21**	(443.12) 3.89**	(34.91)Colour	&	Shape 1.67 0.72 - - - - 4.16**	(59.17) 1.50						(0.62)Colour	&	Location 2.14 0.76 - - - - - 2.28*					(1.86)Shape	&	Location 1.85 0.77 	 - - - - - -*p	<	.05			**p	<	.01
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In	addition	to	this,	post	experiment	interviews	with	a	number	of	participants	also	offered	a	potential	explanation.	A	number	of	participants	reported	the	mistaken	belief	that	the	black	squares	from	which	the	structural	mask	is	constructed	represented	the	stimulus	set	of	locations	employed	in	the	experiment.	Thus,	when	the	test	probe	was	presented	in	the	location	feature	task,	participants	were	unsure	as	to	whether	the	location	had	changed	subtly	between	array	and	test.	Whilst	it	is	unknown	how	many	participants	misunderstood	the	role	of	the	mask,	it	is	possible	that	this	interfering	information	may	have	led	to	poorer	performance	on	this	task.	Due	to	the	manner	in	which	the	probe	items	were	constructed	in	the	location	binding	conditions	(colour-location,	shape-location),	this	same	logic	may	not	have	been	applied	by	the	participants	further	explaining	the	relative	ease	with	which	participants	completed	what	should	be	a	more	dif>icult	task.	Thus,	if	performance	on	the	location	task	was	already	impaired	by	the	mask,	then	any	true	impact	of	cognitive	load	(this	experiment)	or	maybe	even	cognitive	ageing	(Experiment	1)	may	too	be	masked	(though	it	must	again	be	noted	that	the	bizarrely	poor	location	task	performance	was	not	observed	in	Experiment	1,	potentially	making	this	>inding	an	artefact	of	this	speci>ic	population).		Experiment	3	replicated	Experiment	2	with	the	structural	mask	removed.		
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Table	2.3.		Descriptive	statistics	and	post-hoc	comparisons	exploring	the	main	effect	of	task	type	in	Experiment	3.	
Colour-Shape	Binding:	A	3	(task:	colour,	shape,	combination)	x	2	(load:	low,	high)	ANOVA	for	repeated	measures	indicated	a	signi>icant	main	effect	of	task,	F	(2,76)	=	23.13,	MSE	=	12.77,	p<	.001,	ηp2	=	.38,	BF10	=1.40e+9;	whereby	the	colour	task	(M	=	2.39,	SD	=	0.53)	produced	better	performance	than	the	shape	task	(M	=	1.59,	SD	=	0.62;	t(38)=8.65,	p	<.001,	d	=	1.39,	BF10	=	6.44e+8),	and	the		colour-shape	combination	task	(M	=	1.44,	SD	=	0.63;	t(38)=9.69,	p	<.001,	d	=	1.63,	BF10	=	1.12e+10);	and	the	shape	task	produced	better	performance	than	colour-shape	combination	task,	t(38)=1.71,	p	=.05,	d	=	0.24,	BF10	=	0.65).	Additionally,	there	was	a	signi>icant	main	effect	of	load,	F	(1,38)	=	24.47,	MSE	=	12.38,	p	<	.001,	ηp2	=	.39,	BF10	=	4149.33)	with	low	load	(M	=	2.00,	SD	=	0.77)	yielding	better	performance	than	high	load	(M=1.61,	SD=0.89),	and	no	
	 	 	 	 Comparisons	(df=38)																																																																																																																																				t-statistic	(BF10)Task	Type Mean Standard	Deviation 	 Colour Shape Location Colour	&	Shape Colour	&	Location Shape	&	Location
Colour 2.39 0.53 - 8.65**						(6.34e+8) 2.58*						(3.10) 9.70**	(1.15e+10) 3.80**	(55.78) 6.28**	(66023)
Shape 1.59 0.62 - - 3.55**			(29.62) 1.71									(0.65) 3.68**	(41.44) 1.05													(0.29)
Location 2.08 0.71 - - - 5.16**	(2437.56) 0.41							(0.19) 3.55**	(29.81)
Colour	&	Shape 1.44 0.63 - - - - 5.33**	(4036.12) 2.81**			(5.05)Colour	&	Location 2.03 0.69 - - - - - 3.58**	(31.67)Shape	&	Location 1.72 0.57 	 - - - - - -*p	<	.05			**p	<	.01
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irrelevant	to	the	task,	may	be	disruptive	to	the	maintenance	of	surface-feature	bindings	(Logie,	Brockmole,	&	Jaswal,	2011).	Across	three	experiments,	Logie	et	al.	(2011)	tested	the	effects	of	a	task	irrelevant	change	in	location	(Experiment	1),	shape	(Experiment	2),	and	colour	(Experiment	3)	on	memory	for	the	bound	combinations	of	remaining	features.	Irrelevant	changes	in	the	surface	features	(colour	/shape)	were	shown	to	be	disruptive	to	correct	recall	upon	immediate	test,	but	this	effect	diminished	rapidly	with	longer	test	intervals	(i.e.	performance	in	the	no	change	and	change	conditions	were	comparable	when	the	test	interval	was	extended	to	500ms).	A	task	irrelevant	change	in	location	however,	was	disruptive	to	correct	recall	at	immediate	test	and	remained	disruptive	with	test	intervals	of	500ms,	with	a	small	effect	still	present	after	1000ms.	Given	that	the	paradigm	used	in	this	chapter	has	a	test	interval	of	900ms	it	is	possible	that	the	surface-feature	binding	condition	is	being	adversely,	and	speci>ically,	affected	by	the	change	in	the	irrelevant	location	feature.	Accordingly,	Experiment	4	sought	to	control	for	this	limitation	by	ensuring	that	the	probe	was	changed	to	include	only	the	feature(s)	being	tested	in	that	block	(following	more	closely	the	adapted	procedures	of	Brown	&	Brockmole,	2010).		Using	this	adapted	procedure,	Brown	and	Brockmole	(2010)	found	(albeit	limited)	evidence	supporting	the	idea	that	surface	feature	binding	performance	declined	with	age;	thus,	this	method	may	maximise	the	opportunity	for	observing	any	impact	of	concurrent	load. 		2
 Note that Allen et al. (2012) explained this discrepancy in terms of Brown and Brockmole’s 2
(2010) use of A’ in their analyses as opposed to the more established use of d’ signal 
detection measures.   
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Accordingly,	in	Experiment	4	the	memory	array	always	consisted	of	colour-shape	combinations	appearing	in	distinct	locations,	and	only	the	task	instructions	varied	between	blocks	of	trials	(e.g.,	to	remember	only	the	colours,	only	the	shapes,	or	their	combination	in	the	surface-feature	binding	tasks;	or	only	the	locations,	the	colours/shapes	or	their	combination	in	the	case	of	the	location	binding	tasks).	The	probe	then	consisted	of	only	the	tested	feature(s).	So,	for	instance,	the	probe	was	a	single	coloured	blob	(colour	only	–	neutral	shape),	a	single	shape	with	no	colour	>ill	(shape	only	–	neutral	colour)	or	a	coloured	shape	(colour	and	shape	combination).	Thus	between	array	and	probe,	the	single	feature	conditions	were	subject	to	two	irrelevant	feature	changes,	and	each	combination	condition	was	subject	to	changes	in	one	irrelevant	feature;	balancing	this	possible	confound	as	much	as	is	possible	across	blocks.	We	also	took	steps	to	equate	stimulus	dif>iculty	across	dimensions	by	introducing	a	new	set	of	hard	to	verbalise	colours	and	shapes.	If	either	type	of	binding	does	require	greater	attentional	than	the	maintenance	of	individual	features,	this	paradigm	adaptation	offers	the	greatest	likelihood	of	identifying	them	empirically	(see	Figure	2.12	for	a	detailed	explanation).	
	  107
Chapter Two. Binding Performance: Ageing and Attentional Requirement.
Figure	2.12.	Detailed	explanation	of	the	feature	changes	between	array	and	probe	in	Experiment	4.	
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TBR	array	was	displayed	for	900ms	to	allow	for	the	increased	complexity	of	the	shape	stimuli	(Figure	2.14).		
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Figure	2.14.	Trial	procedure	and	example	probes	in	each	condition	of	Experiment	4	
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	 	 	 	 Comparisons	(df=17)																																																																																																																																				t-statistic	(BF10)Task	Type Mean Standard	Deviation 	 Colour Shape Location Colour	&	Shape Colour	&	Location Shape	&	Location
Colour 2.60 0.59 - 13.57**	(5.81e+7) 1.74														(0.85) 6.55**	(4100.07) 0.5																(0.27) 5.05**	(282.72)
Shape 0.78 0.38 - - 16.51**	(1.08e+10) 6.94**	(7956.43) 8.74**	(137480) 6.59**	(4425)
Location 2.87 0.47 - - - 7.54**	(21847.88) 1.80*													(0.92) 6.04**	(1740)Colour	&	Shape 1.64 0.51 - - - - 5.11**	(321.00) 1.45														(0.59)Colour	&	Location 2.51 0.81 - - - - - 3.56**	(17.80)Shape	&	Location 1.89 0.70 	 - - - - - -*p	<	.05			**p	<	.01
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compared	to	their	relatively	poor	memory	for	shapes	as	a	single	feature	task.	In	addition,	in	this	task	adaptation,	the	arrays	consisted	of	three	coloured	shapes	in	every	condition	(compared	to	arrays	that	only	displayed	the	task	relevant	features	in	the	previous	task	condition),	participants	may	be	drawn	to	the	easier	and	more	salient	features	of	the	array.	While	this	salience	is	likely	somewhat	driven	by	the	baseline	dif>iculty	of	remembering	each	single	feature,	such	an	effect	could	potentially	widen	the	task	dif>iculty	gap	between	the	most	dif>icult	to	remember	single	feature	(in	this	experiment,	shape),	and	easiest	to	remember	single	features	(colour,	location).	In	addition	to	being	an	intuitively	appealing	explanation,	coloured	objects	have	been	shown	as	being	among	the	easier	features	to	detect	in	visual	search	tasks	(Koivisto,	Hyönä,	&	Revonsuo,	2004)	further	suggesting	that	attention	may	be	drawn	to	colour	over	shape.	An	alternative	explanation	is	the	proposed	automaticity	with	which	features	intrinsic	to	an	object	are	bound	together	(Ecker	et	al.,	2013),	and	the	subsequent	effects	of	an	irrelevant	feature	change	(Logie	et	al.,	2011).	Ecker	et	al.	(2013)	propose	that	when	remembering	shapes,	participants	implicitly	bind	the	colours	to	those	shapes	as	the	colour	is	an	intrinsic	feature	of	the	shape	presented.	As	a	result,	the	task-irrelevant	change	of	colour	that	occurred	in	all	shape	task	probes,	combined	with	the	task	irrelevant	change	of	location,	would	be	detrimental	to	recall	of	the	shapes.	However,	Logie	et	al.	(2011)	demonstrated	that	irrelevant	changes	of	colour	are	not	disruptive	to	object	memory	in	the	timeframes	used	in	the	present	experiment.	Also	hampering	this	as	a	potential	explanation,	is	that	the	dif>iculty	Ecker	et	al.	(2013)	have	in	de>ining	what	constitutes	an	intrinsic	feature	(indeed,	in	their	experiment,	effects	of	intrinsic	feature	binding	were	most	apparent	when	a	3	dimensional	effect	was	applied	to	
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	 	 	 	 Comparisons	(df=27)																																																																																																																																					t-statistic	(BF10)Task	Type Mean Standard	Deviation 	 Colour Shape Location Colour	&	Shape Colour	&	Location Shape	&	Location
Colour 2.87 0.78 - 11.35**	(1.00e+10) 0.17							(0.20) 7.05**	(108753.79) 1.24											(0.40) 4.15**	(98.38)
Shape 0.75 0.48 - - 11.04**	(5.57+e9) 4.87**	(560.36) 12.64**	(1.03e+11) 7.26**	(180469)
Location 2,91 0.95 - - - 5.16**	(1136.75) 0.63					(0.24) 3.04**	(7.96)Colour	&	Shape 1.76 0.95 - - - - 8.89**	(7.06e+7) 2.31*					(1.93)Colour	&	Location 3.02 0.77 - - - - - 4.86**	(552.99)Shape	&	Location 2.18 0.96 	 - - - - - -*p	<	.05			**p	<	.01
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Chapter Two. Binding Performance: Ageing and Attentional Requirement.
p<	.001,	ηp2	=	.64,	BF10	=1.94e+14;	with	the	shape	task	(M	=	0.75,	SD	=	0.48)	producing	poorer	performance	than	the	location	task	(M	=	2.91,	SD	=	0.95),	and	the	shape-location	combination	task	(M	=	2.18,	SD	=	0.96);	and	the	location	task	produced	better	performance	than	the	shape-location	combination	task	(comparison	statistics	in	table	2.5).	There	was	a	signi>icant	main	effect	of	age	group,	F	(1,26)	=	14.13,	MSE	=	0.54,	p	<	.001,	ηp2	=	.35,	BF10	=	1.31,	with	younger	adults	(M	=	2.17,	SD	=	1.24)	producing	more	accurate	performance	than	older	adults	(M=1.52,	SD=1.10),	and	a	signi>icant	interaction	between	factors,	F	(2,52)	=	3.36,	MSE	=	0.57,	p	=	.04,	ηp2	=	.12,	BF10	=	2.82.	The	interaction	again	best	explained	by	the	comparative	lack	of	difference	between	younger	and	older	adults	in	the	shape	condition	(shape:	younger	M	=	0.77,	SD	=	0.36,	older	M	=	0.74,	SD	=	0.67;	t(26)	=	0.13,	p	=	.90,	d	=	0.66,	BF10	=	0.37;	location:	younger	M	=	3.30,	SD	=	0.50,	older	M	=	2.20,	SD	=	1.18;	t(26)	=	3.46,	p	<	.01,	d	=	1.47,	BF10	=	18.42;	shape	&	location:	younger	M	=	2.45,	SD	=	0.94,	older	M	=	1.69,	SD	=	0.81;	t(26)	=	2.17,	p	=	.04,	d	=	0.85,	BF10	=	1.90).	The	data	are	presented	in	Figure	2.20.	
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Chapter Two. Binding Performance: Ageing and Attentional Requirement.
The	>inding	that	location	binding	was	not	attentionally	demanding	was,	however,	more	surprising,	and	contrasts	with	recent	>indings.	Firstly,	Hyun,	Woodman,	and	Luck	(2009)	investigated	the	role	of	attention	in	binding	surface	features	to	locations,	and	found	evidence	to	suggest	that	location	binding	was	attentionally	demanding	over	and	above	the	attention	required	for	single	feature	memory.	The	study	used	a	simple	change	detection	task	and	recorded	the	EEG	component	N2pc	as	a	measure	of	the	allocation	of	attention	(a	commonly	used	EEG	measure	in	attention	research;	e.g.	Eimer,	1996;	Kiss,	Van	Velzen,	&	Eimer,	2008;	Luck,	2012).	Location	binding	conditions	(of	which	there	were	two;	one	requiring	memory	of	the	exact	position	of	the	coloured	square	termed	>ine	location,	and	one	requiring	participants	to	report	in	which	quadrant	the	coloured	square	appeared	termed	coarse	location)	were	shown	to	elicit	a	larger	N2pc	component	than	conditions	where	only	surface	feature	memory	was	required.	Additionally,	their	behavioural	>indings	showed	similar	effects	in	terms	of	reaction	times,	with	binding	conditions	showing	longer	reaction	times	than	the	single	feature	condition.	Although	accuracy	was	at	ceiling	in	the	feature	memory	condition,	and	the	location	binding	condition,	N2pc	was	shown	to	be	higher	in	the	binding	condition	than	the	feature	memory	condition.	Yet,	in	three	experiments	here,	no	such	effect	was	shown.	Although	both	Hyun	et	al.	(2009)	and	the	adapted	Allen	et	al.	(2006)	paradigm	used	in	the	present	set	of	experiments	both	explicitly	instruct	participants	to	remember	feature	bindings,	there	are	still	differences	that	may	perhaps	explain	the	disparate	>indings.	The	paradigm	used	in	Chapter	2	required	participants	to	remember	just	three	coloured	objects;	in	contrast	Hyun	et	al.	(2009)	presented	participants	with	arrays	of	24	squares,	some	of	which	were	coloured.	Perhaps	then,	the	disparate	
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Chapter Two. Binding Performance: Ageing and Attentional Requirement.
the	task	relevant	object.	Thus,	older	adults	seem	to	differ	to	younger	adults	in	the	processing	of	non-task	relevant	information,	offering	a	clear	contrast	to	the	experiments	reported	here	where	there	is	no	difference	in	the	pattern	of	performance	for	explicitly	task	relevant	information.	This,	in	combination	with	consistent	demonstrations	that	older	adults	fail	to	link	incidentally	processed	information	with	intentionally	processed	information	(e.g.	Naveh-Benjamin	et	al.,	2009;	discussed	further	in	the	next	chapter)	suggests	that	perhaps	older	adults	may	fail	to	use	location	information	in	the	same	way	as	younger	adults,	a	difference	which	should	present	itself	under	circumstances	where	bindings	are	assessed	implicitly.	This	issue	forms	the	basis	of	Chapter	3.				
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Chapter Three. Incidental Binding - Ageing and Attention
with	the	instructions	for	the	condition	participants	were	undertaking,	they	were	required	to	identify	either:	if	the	letter	was	present	in	the	preceding	array,	irrespective	of	whether	the	letter	had	moved	locations;	or	if	the	location	occupied	by	the	probe	was	occupied	in	the	preceding	array,	irrespective	of	whether	the	letter	in	that	location	had	changed.	Binding	was	assessed	by	comparing	performance	in	response	to	‘intact’	probes	(where	the	probe	represented	a	letter	in	the	same	location	that	it	occupied	in	the	array)	and	‘recombined’	probes	(where	the	probe	consisted	of	a	letter	that	was	present,	occupying	a	location	that	previously	contained	a	different	letter;	i.e.	both	features	were	in	the	array	but	not	in	this	combination	–a	pairing	of	letter	and	location	swapped).		Thus,	if	participants	bind	incidentally	in	this	task,	there	should	be	a	performance	advantage	in	the	intact	condition	(bindings	preserved)	relative	to	the	recombined	condition	(bindings	switched)	even	though	one	of	the	features	was	never	relevant	for	task	completion.		Campo	et	al.	(2010)	and	Elsley	and	Parmentier	(2015)	both	found	that	when	participants	were	instructed	to	remember	the	identity	of	the	letters,	incidental	binding	of	letters	to	locations	was	evident	(higher	accuracy	and	shorter	reaction	times	in	the	intact	condition	relative	to	the	recombined	condition).	However,	when	participants	were	instructed	to	remember	the	locations,	this	intact/recombined	probe	difference	was	absent,	indicating	that	memory	for	the	locations	in	the	array	was	not	disrupted	by	changes	in	letter	identity.	This	suggests	that	the	locations	may	have	been	held	in	memory	independently	of	their	contents.		Thus,	objects	(in	this	case	letters)	were	incidentally	bound	to	their	location	but	locations	could	be	remembered	independently	of	the	objects	(in	this	case,	letters)	within	them,	a	pattern	of	performance	we	refer	to	as	a	binding	asymmetry.	Facilitation	in	the	
	  147





































Chapter Three. Incidental Binding - Ageing and Attention
The	spatial	task	required	a	‘yes’	response	to	intact	probes,	recombined	probes,	and	new	letter	probes	(as	each	featured	a	seen-before	location),	and	a	‘no’	response	to	the	new	location	and	new	both	probes	(see	Figure	3.1	for	trial	procedure	and	probe	types) .	The	ratio	of	yes	to	no	responses	was	1:1.	3In	the	letter	condition	there	were	8	trials	each	of	the	intact,	recombined,	and	new	location	probes,	and	12	trials	each	of	the	new	letter	and	new	both	probes.	In	the	location	condition,	there	were	8	trials	each	of	the	intact,	recombined,	and	new	letter	probes,	and	12	trials	each	of	the	new	location	and	new	both	probes.	In	both	tasks,	in	line	with	Campo	et	al.’s	(2010)	task	instructions,	participants	were	instructed	to	respond	as	quickly	yet	as	accurately	as	possible.	Each	task	featured	12	practice	trials	followed	by	two	blocks	of	48	experimental	trials,	with	trial	type	(intact,	recombined,	new-letter,	new-location,	new-both)	randomised	within	each	block.			
 Note that Campo et al. (2010) used only four probe types per task, two probe types 3
requiring a positive response, and two requiring a negative response. Their letters 
task used Intact and  Recombined positive probes; and New Letter and New Both 
negative probes. Their spatial task again used Intact and  Recombined positive 
probes; but New Location and New Both negative probes
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Chapter Three. Incidental Binding - Ageing and Attention
accuracy	(%	correct)	and	response	times	(for	correct	responses	only) .	For	4completeness,	an	analysis	of	all	three	positive	probe	types,	in	addition	to	the	two	negative	probe	types	are	presented	in	Appendix	A.	Following	the	omnibus	analyses	on	each	dependent	measure,	independent	analyses	of	the	younger	adults	and	older	adults	were	conducted	based	on	our	a-priori	hypotheses	regarding	performance	in	each	age	group	(as	the	hypotheses	predict	null	differences	in	three	of	the	four	key	comparisons,	the	likelihood	of	a	type	II	error	in	the	key	triple	interaction	between	age	group,	relevant	feature,	and	probe	type	was	relatively	high).	These	additional	analyses	may	reveal	an	otherwise	masked	effect.		
A	bayesian	ANOVA	was	also	conducted	to	complement	each	traditional	ANOVA	with	all	models	considered	equally	likely	due	to	the	introduction	of	older	adult	participants	which	makes	the	impact	of	the	Age	Group	variable	on	the	models	impossible	to	predict.	T-tests	were	also	supplemented	with	their	bayesian	equivalents.	All	analyses	were	again	conducted	using	JASP	statistical	software	(JASP	Team,	2016).	
 Analysis focused on accuracy and reaction times rather than the d’ measures used in 4
Chapter 2. This was to allow for a direct comparison to existing published data 
(Campo et al., 2010, Elsley & Parmentier, 2015 which all used pure accuracy 
measures and reaction times rather than the response sensitivity favoured by Allen et 
al, 2006, Brown & Brockmole, 2010 etc.). In addition, the nature of this experiment 
did not allow for the simple calculation of d’ as the ‘hit’ and ‘false alarm’ response 
here constitute separate levels of the probe type condition rather than existing as part 
of the same condition as in Chapter 2. 
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Chapter Three. Incidental Binding - Ageing and Attention
3.2.3	Discussion	Experiment	6	investigated	the	effects	of	ageing	on	incidental	binding	ability	(e.g.,	the	binding	that	takes	place	between	features	regardless	of	task	instructions,	in	this	case,	letters	and	locations).		In	particular,	following	a	recent	demonstration	of	binding	asymmetry	(the	observation	that	letters	bind	to	their	locations	when	letters	are	task	relevant,	but	that	locations	do	not	bind	to	letters	when	locations	are	task	relevant:	Campo	et	al.	2010;	see	also	Elsley	&	Parmentier,	2015),	and,	in	addition	to	evidence	suggesting	older	adults	may	be	impaired	at	the	incidental	binding	of	objects	to	their	context	(Chee	et	al.,	2006),	Experiment	6	investigated	whether	older	adults	would	exhibit	the	same	pattern	of	asymmetry	as	younger	adults.	Through	the	presentation	of	arrays	consisting	of	four	consonants	presented	in	distinct	locations,	and	varying	task	instructions	(to	remember	the	letters	in	the	array	while	locations	were	task	irrelevant;	or	to	remember	the	locations	in	the	array	while	the	letters	were	task	irrelevant);	we	predicted	>irstly	that	younger	adults	would	exhibit	evidence	of	binding	letters	to	locations	when	instructed	to	remember	letter	identity,	but	no	such	evidence	when	instructed	to	remember	locations.	In	contrast,	older	adults	were	predicted	to	show	no	such	asymmetry,	with	no	evidence	of	object	to	location	binding	under	either	set	of	instructions	(Chee	et	al.,	2006).	The	accuracy	data	failed	to	support	either	hypothesis.	Younger	adults	did	not	show	the	predicted	binding	asymmetry,	and	both	groups	of	participants	showed	evidence	of	a	binding	effect	(intact	over	recombined	probe	advantage)	consistent	with	the	binding	of	verbal	and	spatial	feature	in	both	attended	feature	conditions.	Thus,	regardless	of	attended	feature	or	age,	incidental	binding	between	verbal	and	
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Chapter Three. Incidental Binding - Ageing and Attention
window	was	removed	due	to	the	expected	longer	reaction	times	of	our	older	participants.	Under	this	interpretation,	the	response	window	may	have	increased	the	time	pressure	resulting	in	higher	task	dif>iculty	in	Campo	et	al.’s	(2010)	task	version	than	was		present	here	(which	would	also	explain	why	performance	in	Experiment	6	was	at	ceiling	while	performance	in	Campo	et	al.’s	task	was	not).	This	interpretation	is	unlikely,	however,	as	Elsley	and	Parmentier	(2015)	demonstrated	binding	asymmetry	without	a	response	window.	The	second	difference	lies	in	the	use	of	>ive	probe	types	in	Experiment	6,	compared	to	Campo	et	al.’s	(2010)	use	of	four	probe	types	per	task.	However,	with	analysis	focused	on	two	positive	probe	types	only	(Intact	and	Recombined)	it	is	again	dif>icult	to	ascertain	how	this	would	impact	performance	in	such	a	way	as	to	not	produce	the	previously	shown	asymmetry.	Nevertheless,	it	is	clear	that	performance	in	Experiment	6	did	approach	ceiling,	which	may	have	masked	any	potential	differences	in	probe	performance	across	our	conditions.	One	potential	way	to	avoid	this	in	future	experiments	may	be	to	include	a	variable	response	window	based	on	the	reaction	times	of	individual	participants.	Alternatively,	the	dif>iculty	of	the	TBR	array	objects	could	be	increased.	This	latter	approach	was	taken	in	Experiment	7,	where	we	introduced	the	abstract	shapes	used	in	Chapter	2,	additionally	allowing	a	direct	assessment	of	visuo-spatial	binding	and	aligning	Experiment	7	with	previous	experiments	in	this	thesis.		Thus,	Experiment	7	constituted	a	direct	replication	of	Experiment	6	only	using	hard	to	name	irregular	polygons	instead	of	consonants	as	TBR	stimuli.		
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Chapter Three. Incidental Binding - Ageing and Attention
most	direct	recent	comparison	for	this	study,	Elsley	and	Parmentier	(2015)	demonstrated	this	binding	asymmetry	in	younger	adults	remembering	arrays	of	letters	in	locations	across	an	attend	letter	and	an	attend	locations	task.	Using	a	paradigm	also	based	on	Campo	et	al.	(2010),	in	addition	to	demonstrating	binding	asymmetry,	Elsley	and	Parmentier	(2015)	further	showed	that	bindings	between	letters	and	locations	persist	for	at	least	15	seconds	after	the	presentation	of	the	array.	Important	to	note	though	is	that	although	letter/location	bindings	are	sensitive	to	changes	in	location,	letter	recall	does	not	entirely	hinge	upon	location	being	maintained	between	array	and	test,	perhaps	suggesting	that	object	features	are	partially	stored	independent	of	location.	This	supports	Triesman	and	Zhang	(2006)	who	argued	that	when	objects	are	attended,	surface	features,	such	as	colour	or	shape,	and	location	features,	are	spontaneously	integrated.	In	Treisman	and	Zhang’s	(2006)	study,	arrays	of	three	coloured	shapes	were	displayed	for	150ms,	then	after	a	delay	that	varied	from	0.3	seconds	to	as	long	as	6	seconds,	participants	were	tasked	with	deciding	whether	a	probe	array	showed	the	same	colour/shape	bindings	as	before.	In	addition,	the	locations	of	the	shapes	could	be	either	maintained	or	changed.	Where	the	objects	remained	in	their	original	location,	memory	performance	was	consistently	more	accurate,	though	crucially	colour/shape	combinations	could	still	be	effectively	recalled	when	the	location	changed.	Therefore,	although	bindings	between	objects	and	locations	appeared	obligatory,	objects	could	be	recalled	independent	of	location.		
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Thus,	if	bindings	between	surface	features	and	locations	occur	spontaneously,	and	persist	over	time,	older	adults	may	approach	this	task	in	a	different	fashion	to	younger	adults,	perhaps	not	processing	location	under	instruction	to	remember	shapes	(in	line	with	the	FMR	adaptation	>indings	of	Chee	et	al.,	2006)	but	being	unable	to	suppress	the	processing	of	object	identity	under	instructions	to	remember	locations	(as	seen	in	the	>lanker	tasks	used	by	Connelly	and	Hasher,	1993);	thus	creating	the	opposite	pattern	of	performance.	Interestingly,	this	inhibition	process	could	itself	be	effortful,	(Conway	&	Engle,	1994;	Roberts,	Hager,	&	Heron,	1994),	which	could,	linking	back	to	the	ageing-attention	hypothesis	assessed	in	Chapter	2,	render	older	adults	unable	to	inhibit	the	irrelevant	shape	features	in	Experiment	7.	The	hypothesis,	however,	would	need	to	be	amended.	Speci>ically,	rather	than	restricted	attentional	resources	in	older	age	preventing	the	binding	objects	to	locations,	it	may	instead	create	the	unwanted	binding	of	locations	to	objects	due	to	an	inability	to	>ilter	and	inhibit	task	irrelevant	information.	While	we	note	that	the	performance	of	younger	adults	was	not	as	expected	in	either	Experiment	6	(where	they	showed	evidence	for	binding	regardless	of	which	feature	was	attended	voluntarily)	or	Experiment	7	(where	they	showed	only	marginal	evidence	for	binding	in	both	conditions),	we	feel	that	assessing	the	role	of	attentional	resources	during	incidental	binding,	and	it’s	potential	impact	on	the	symmetry	of	bound	representations	is	a	logical	next	step	for	empirical	investigation.	Accordingly,	Experiment	8	assessed	the	impact	of	dividing	attention	on	the	(a)symmetry	of	bound	representations.	The	experiment	was	a	methodological	replication	of	
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Chapter Three. Incidental Binding - Ageing and Attention
Finally,	in	Experiment	8	we	reasoned	that	perhaps	older	adult	performance	could	be	explained	in	terms	of	impaired	inhibition.	On	the	basis	that	inhibition	processes	have	been	shown	to	be	cognitively	demanding	(Conway	&	Engle,	1994;	Roberts,	Hager,	&	Heron,	1994),	Experiment	8	again	utilised	the	paradigm	of	Campo	et	al.	(2010)	but	this	time	with	just	younger	adults	and	the	addition	of	a	cognitively	demanding	concurrent	task.	Participants	completed	the	task	as	in	Experiment	7,	but	this	time	either	under	low	cognitive	load	(repeating	a	double	digit	number	for	duration	of	each	trial)	or	under	high	cognitive	load	(counting	backwards	in	threes	from	a	double	digit	number	for	the	duration	of	each	trial).	Here,	under	low	cognitive	load,	younger	adults	displayed	the	established	binding	asymmetry	with	evidence	of	binding	between	shapes	and	locations	when	instructed	to	remember	shapes,	but	not	when	instructed	to	remember	locations.	In	the	high	cognitive	load	condition,	there	was	no	evidence	of	binding	in	either	the	remember	shapes,	or	remember	locations	memory	condition.	Therefore,	the	incidental	binding	of	shapes	and	locations	appears	to	be	a	resource	demanding	and	obligatory,	task.	This	of	course	contrasts	with	typical	models	of	cognitive	control,	which	commonly	contend	that	in	terms	of	processing,	a	task	can	be	resource	demanding,	or	obligatory,	never	both	(e.g.	Miyake	&	Friedman,	2012).	As	a	result	a	more	likely	explanation	may	be	that	this	seemingly	incidental	binding	is	a	result	of	post	conscious	automaticity	(Bargh,	Schwader,	Hailey,	Dyer,	&	Boothby,	2012).	This	essentially	means	that	there	is	a	conscious	strategic	decision	to	bind	objects	to	locations,	and	this	binding	then	proceeds	in	manner	that	can	appear	automatic.	Thus	the	initial	strategic	
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backwards	in	threes	did	not	impair	younger	adult	performance	enough	to	elicit	the	pattern	of	location	performance	seen	in	older	adults.	If	we	assume	that	each	relevant	feature	condition	is	cognitively	tackled	in	the	same	manner,	then	there	is	no	viable	explanation	of	incidental	feature	binding	that	encompasses	the	performance	of	younger	adults	in	Experiment	8	(both	under	low	and	high	cognitive	load)	and	older	adults	in	Experiment	7.	As	previously	discussed,	the	evidence	in	Experiment	8	supports	incidental	binding	as	occurring	at	the	encoding	stage.	Higher	cognitive	load	can	thus	only	logically	reduce	the	intact/recombined	advantage	rather	than	induce	one	as	would	have	to	be	the	case	to	produce	performance	among	younger	adults	that	matches	that	of	older	adults.	The	only	caveat	here	is	that	if	one	were	to	posit	that	the	shape	task	is	fundamentally	different	to	the	locations	task;	with	the	shape	task	representing	the	binding	of	objects	to	locations	at	the	encoding	stage,	and	the	locations	task	representing	the	inhibition	of	the	irrelevant	shape	feature	which	could	occur	at	either	the	encoding	or	retrieval	stage.	Then	the	addition	of	a	cognitively	demanding	concurrent	task	should	both	remove	the	intact/recombined	advantage	in	the	shape	task,	and	induce	this	advantage	in	the	locations	task.	If	this	were	the	case,	then	it	is	possible	that	the	use	of	a	more	demanding	concurrent	task	could	induce	the	performance	of	older	adults	in	a	younger	adult	population.	However,	the	MEG	>indings	from	Campo	et	al.	(2010)	work	against	this	suggestion,	as	activity	differed	only	in	terms	of	early	oscilatory	activity	that	occurred	exclusively	in	their	letters	condition	(equivalent	to	shapes	here)	and	was	thought	to	be	representative	of	binding	processes.	Thus	under	the	assumption	that	both	relevant	feature	conditions	represented	are	completed	
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Chapter	4	will	investigate	this	further	by	using	a	different	incidental	binding	paradigm	and	comparing	performance	of	younger	and	older	adults.	  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Chapter	Four.	Binding	Performance:	Ageing	and	Effects	of	Incidental	Changes	in	Relative	and	Absolute	Location	
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location	of	objects	in	a	change	detection	task,	manipulating	the	(task-irrelevant)	location	of	objects	against	a	simple	background	context	consisting	of	a	small	white	square	(Sq1)	that	appeared	within	a	larger	grey	square	(Sq2).	Olson	and	Marshuetz	(2005;	Experiment	1)	tasked	participants	with	remembering	the	identity	of	a	single	face	over	a	short	retention	period;	the	face	was	presented	in	one	corner	of	Sq1	which	itself	would	appear	in	one	of	the	four	quadrants	of	Sq2.	After	the	initial	presentation	of	the	face	array	there	was	a	short	delay,	followed	by	a	probe	from	one	of	three	conditions:	No	change:	where	the	probe	was	identical	to	the	array;	global	change:	where	the	face	retained	its	location	in	Sq1,	but	Sq1	moved	to	a	different	quadrant	of	Sq2;	local	change:	where	the	face	moved	to	a	different	corner	of	Sq1,	and	Sq1	moved	to	a	different	quadrant	of	Sq2 .	See	>igure	4.1.	for	array	and	probe	examples.	5
 A “global” location change is perhaps best characterised as a change in absolute location; object 5
location would thus be presumed to be judged in terms of its position within a retinotopic map of all 
that is in view (represented in Olson & Marshuetz’s experiment by the large grey square). Applying 
this principle further, a “local” change in object location is therefore better characterised as a change 
in relative location; whereby object location is judged in terms of its position compared with nearby 
contextual features (the smaller white square in Olson & Marshuetz’s experiment).  
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while	ignoring	the	background	entirely,	or	(2)	remember	the	combination	of	object	and	background.	Under	instruction	(1)	younger	adults’	fMR-A	demonstrated	selective	processing	of	the	object	while	ignoring	the	background.	Performance	under	instruction	(2)	however	showed	a	different	pattern	of	activity	indicating	that	the	background	image	was	processed	in	addition	to	the	object	stimulus.	This	demonstrates	that	when	required,	younger	adults	are	able	to	selectively	inhibit	the	processing	of	background	contextual	information.		Conversely,	older	adults’	fMR-A	data	showed	patterns	of	activity	consistent	with	the	processing	of	the	background	context	irrespective	of	the	instructions	given,	suggesting	again	that	older	adults	are	unable	to	selectively	inhibit	the	processing	of	background	contextual	information .		6
In	sum,	older	adults	appear	to	exhibit	speci>ic	impairments	in	inhibiting	the	processing	of	background	contextual	information	(Gazzeley	et	al.,	2008;	Chee	et	al.,	2006)	in	tasks	requiring	memory	for	objects.	One	potential	explanation	for	this	is	that	older	adults	are	less	able	to	suppress	the	processing	of	contextual	information.	If	true,	one	might	predict	older	adults	to	perform	differently	to	younger	adults	in	a	task	akin	to	that	by	Olson	and	Marshuetz	(2005)	that	separates	out	the	in>luences	of	making	irrelevant	changes	to	the	absolute	and	relative	spatial	locations	of	objects	–	this	being	the	aim	of	the	present	study.		A	description	of	the	current	
 Younger adult’s apparent inhibition of task-irrelevant background information contrasts somewhat 6
with studies such as Campo et al. (2010) and Elsley and Parmentier (2015) which showed that 
younger adults’ default position when processing object identity is to bind these objects to their 
location, even when location is task-irrelevant. The reason for this difference is unclear, but may lie in 
their use of multiple object arrays, compared the single object arrays used by Chee et al. (2006)
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change	conditions,	with	the	additional	>inding	of	the	absolute	location	change	condition	and	the	relative	location	change	condition	eliciting	similar	response	latencies.	This	pattern	of	performance	would	suggest	that	the	effect	observed	in	Olson	and	Marshuetz	(2005)	and	Lin	and	He	(2012)	was	a	compounded	effect	of	changing	both	location	dimensions,	and	that	objects	are	bound	to	locations	both	in	terms	of	either	their	absolute	location	and	their	relative	location	with	either	able	to	be	drawn	upon	when	needed.				Turning	our	attention	to	the	performance	of	older	adults,	this	age	group	typically	exhibit	speci>ic	dif>iculties	in	the	binding	of	objects	to	context.	Kessels	et	al.	(2007)	demonstrated	that	older	adult	performance	was	speci>ically	worse	than	younger	adults	in	a	task	that	required	the	binding	of	objects	to	context.	This,	combined	with	dif>iculties	in	ignoring	task-irrelevant	background	contextual	information	(Chee	et	al,	2006;	Gazzaley	et	al.,	2008)	gives	rise	again	to	two	possible	explanations.	If	they	are	unable	to	bind	objects	to	locations	effectively	(as	was	observed	in	Chapter	3,	Experiment	7),	then	older	adults	should	produce	a	>lat	pattern	of	performance,	whereby	they	remain	unaffected	by	all	changes	in	location	as	the	objects	have	not	been	bound	to	either	their	relative	or	absolute	locations.	Conversely,	older	adults	may	be	slower	in	all	cases	where	the	stimulus	moves	from	its	original	location;	therefore	the	no	change	condition	will	elicit	shorter	response	latencies	than	the	relative	change,	absolute	change,	and	both	change	conditions	relative	to	the	younger	adults	who	are	seemingly	better	are	decoupling	the	object	from	
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overlapped	within	the	grey	box	such	that	there	were	16	possible	locations	relative	to	the	white	boxes	(one	in	each	corner	of	each	white	box)	but	only	9	possible	locations	relative	to	the	large	grey	square	(see	Figure	4.2).	The	task	was	purpose	written	using	Matlab	and	the	Psychophysics	Toolbox	extensions	(Brainard,	1997;	Pelli,	1997;	Kleiner	et	al.,	2007).	
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which	items	could	be	presented	was	amended	slightly,	and	can	be	seen	in	Figure	4.3.	Each	trial	began	with	presentation	of	a	random	two	digit	number	(between	20	and	99)	for	1000ms	which,	as	a	means	of	concurrent	articulation	(to	reduce	the	possibility	of	verbalizing	the	shape	stimuli),	participants	were	instructed	to	repeat	out	loud	at	a	rate	of	two	words	per	second	for	the	duration	of	the	trial	(experimenter	monitored,	and	maintained	until	a	probe	response	was	collected).		A	>ixation	cross	was	then	shown	for	507ms,	immediately	followed	by	the	TBR	display	for	267ms.	After	a	delay	of	1600ms	the	probe	was	displayed.	Participants	were	instructed	to	respond	as	quickly	and	accurately	as	possible	in	identifying	whether	the	stimulus	was	the	same,	or	different	to	that	shown	in	the	TBR	display.	Instructions	included	the	speci>ic	statement	that	location	was	not	relevant	to	the	task	(in	other	words,	it	does	not	matter	if	the	shape	has	moved	locations).	The	probe	stimulus	fell	into	one	of	four	conditions.	In	the	no	change	condition,	the	shape	maintained	its	position	in	the	white	box,	which	also	did	not	move.	Thus	the	absolute	and	relative	position	of	the	shape	was	consistent	between	display	and	test.	In	the	relative	change	condition	the	shape	maintained	its	absolute	position	in	space,	but	its	relative	position	was	altered	by	moving	the	white	box	to	a	new	quadrant	of	the	grey	square.	In	the	absolute	location	change	condition,	the	shape	maintained	its	position	within	the	white	box	but	the	white	box	was	moved	to	a	new	quadrant	(thus	the	relative	location	was	maintained,	but	the	absolute	location	changed).	Finally,	in	the	both	change	condition	the	shape	moved	to	a	new	position	within	the	white	box	(relative	location	change)	and	the	white	box	moved	to	a	new	quadrant	permitting	a	change	in	absolute	location	too.	See	Figure	4.3	for	an	outline	of	the	trial	procedure	and	the	differences	in	probe	types.	
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Figure 4.3. Trial procedure with examples of how location changes in each probe 
type relative to the TBR display 
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While	Experiment	9	found	a	difference	between	the	absolute	response	latencies	of	younger	and	older	adults,	there	was	no	interaction	between	probe	type	and	age	group.	This	indicates	that	older	adults	were	simply	slower	to	respond	than	younger	adults,	rather	than	there	being	a	difference	in	the	way	the	task	is	being	completed	by	each	group.	There	was	a	clear	main	effect	of	probe	type	with	the	no	change	condition	eliciting	faster	response	latencies	than	the	relative	change,	absolute	change,	and	both	change	conditions.	The	insensitive	Bayes	factor	in	the	no	change-absolute	change	comparison	however,	suggests	performance	that	somewhat	replicates	Olson	and	Marshuetz	(Experiments	1	&	2,	2005)	in	terms	of	the	difference	in	response	latency	between	the	no	change	condition	and	each	other	change	condition.	Planned	comparisons	also	revealed	that	response	latencies	in	the	relative	change	condition	were	no	different	to	those	in	the	absolute	change	condition,	and	marginal	(but	not	signi>icantly	so)	in	being	faster	than	those	in	the	both	change	condition.	This	comparison	again	elicited	insensitive	Bayes	factors	suggesting	that	the	relative	change	condition	could	be	somewhat	analogous	to	the	both	change	condition.	The	>inal	comparison	showed	that	response	latencies	in	the	absolute	change	condition	were	faster	than	those	in	the	both	change	condition,	though	again	Bayes	factors	proved	insensitive.	Table	4.1.	summarises	these	comparisons	for	easier	visualisation.		
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that	Olson	and	Marshuetz	(2005;	see	also	Lin	&	He,	2012)	may	have	been	hasty	in	suggesting	objects	are	bound	to	locations	purely	on	the	basis	of	nearby	contextual	features,	as	when	absolute	and	relative	location	changes	are	properly	separated,	they	yield	similar	response	latencies.	Additionally,	when	the	TBR	object’s	location	is	changed	in	both	relative	and	absolute	terms	(as	in	the	Olson	&	Marshuetz’s	(2005)	relative	change	conditions,	and	the	present	study’s	change	both	condition)	performance	is	at	its	poorest.	Thus	the	>lexible	binding	hypothesis	may	better	characterize	the	performance	of	adults	of	all	ages	in	this	task.	
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same	as	one	of	the	stimuli	in	the	immediately	preceding	array	or	different.	The	effect	of	binding	was	investigated	by	comparing	performance	in	a	combined	feature	condition	with	its	constituent	features.	The	task	was	developed	through	the	chapter,	building	to	Experiments	4	and	5	where	the	number	of	changes	in	task	irrelevant	features	were	as	balanced	as	possible	across	the	conditions	(e.g.	in	the	remember	shapes	condition,	location	and	colour	were	not	task	relevant	and	changed	between	array	and	test,	while	in	the	remember	location	condition,	shape	and	colour	were	not	task	relevant	and	changed	between	array	and	test).	This	was	done	on	the	evidence	of	Logie	et	al.	(2011)	who	showed	disruption	to	memory	performance	as	a	result	of	changes	in	irrelevant	features,	particularly	location.	It	was	thought	possible	that	these	disruptions	to	memory	performance	could	have	in>luenced	>indings	from	the	early	experiments	(1-3)	in	Chapter	2.	In	these	experiments,	each	of	the	surface	feature	conditions	(colour,	shape,	colour	&	shape)	included	an	irrelevant	change	in	location	between	array	(where	objects	were	presented	in	one	of	six	possible	locations)	and	test	(where	objects	were	always	presented	centrally),	while	each	of	the	location	conditions	(location,	location	&	colour,	location	&	shape),	saw	no	such	differences	between	array	and	test.	It	was	thought	that	as	a	result,	Experiments	1-3	may	have	masked	location	binding	issues,	or	attentional	requirement,	by	arti>icially	impairing	surface	feature	binding	performance	with	this	irrelevant	change	in	location.	Consistent	>indings	across	all	experiments	in	Chapter	2	however,	suggest	these	irrelevant	changes	did	not	mask	any	potential	issues.	
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Chapter Five. General Discussion
1000ms,	that	was	not	implemented	here	due	to	the	extended	response	times	expected	from	older	adults.	This	lack	of	time	pressure,	may	have	overcome	any	differences	which	would	otherwise	be	displayed.	Additionally,	the	use	in	Chapter	3	of	all	>ive	possible	probe	types	in	both	task	relevancy	conditions,	compared	with	Campo	et	al.’s	(2010)	use	of	just		four	in	each	condition	should	be	acknowledged,	though	how	this	may	have	led	to	the	inconsistent	>indings	in	respect	of	binding	asymmetry	in	Experiments	6-8	here,	is	dif>icult	to	assess.	The	older	adult	asymmetry,	presenting	as	the	opposite	of	that	typically	shown	by	younger	adults,	is	an	interesting	>inding	however,	and	an	explanation	for	this	may	lie	in	the	claims	of	Read	et	al.	(2016);	that	older	adult	feature	binding	ability	is	intact,	but	older	adults	are	more	easily	distracted	by	task	irrelevant	feature	changes	indicating	possible	de>icits	in	the	inhibition	of	irrelevant	information.	This	line	of	thought	requires	that	one	consider	the	incidental	binding	paradigm	as	a	feature	inhibition	task,	where	participants	must	remember	the	task	relevant	feature	while	inhibiting	the	processing	of	the	task	irrelevant	feature.	On	this	basis,	older	adult	performance	begins	to	look	similar	to	that	found	in	>lanker	tasks	by	Connelly	and	Hasher	(1993),	who	showed	that	older	adults	can	suppress	location	distractors,	but	not	identity	distractors.	Crucially,	inhibition	has	been	shown	to	be	a	resource	demanding	process	(Conway	&	Engle,	1994;	Roberts,	Hager,	&	Heron,	1994),	which	left	open	the	possibility	of	researching	this	further	by	repeating	the	experiment	with	younger	adults	with	the	introduction	of	a	cognitively	demanding	task.	If,	under	this	higher	cognitive	load,	younger	adults	were	to	reproduce	the	performance	observed	in	older	adults	in	Experiment	7,	then	we	may	have	our	explanation	of	older	adult	performance	in	this	task.	In	addition,	rather	than	a	feature	binding	
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The	>inal	empirical	section,	Chapter	4,	investigated	the	ageing-context	hypothesis	using	an	adaptation	of	Olson	and	Marshuetz’s	(2005)	incidental	binding	paradigm	to	assess	whether	older	and	younger	adults	address	the	binding	tasks	used	in	Chapter	3	in	the	same	manner.	With	the	mixed	>indings	in	respect	of	an	older	adult	location	binding	de>icit	shown	in	Chapters	2	and	3,	Chapter	4	investigated	>irst	the	extent	to	which	objects	are	(incidentally)	bound	to	either	relative	or	absolute	spatial	location	in	a	task	when	object	identity	only	was	task	relevant	(Olson	&	Marshuetz,	2005).	Secondly,	and	perhaps	more	crucially,	Chapter	4	investigated	whether	older	adults	differ	to	younger	adults	in	the	way	in	which	they	incidentally	bind	objects	to	locations.	Critically,	the	experiment	in	this	chapter	(Experiment	9)	sought	to	improve	upon	the	paradigm	of	Olson	and	Marshuetz	(2005).	They	investigated	how	younger	adults	judge	the	location	of	objects	in	a	change	detection	task,	manipulating	the	(task-irrelevant)	location	of	objects	against	a	simple	background	context	consisting	of	a	small	white	square	(Sq1)	that	appeared	within	a	larger	grey	square	(Sq2).	Participants	in	Olson	and	Marshuetz	(2005,	Experiment	1)	were	tasked	with	remembering	the	identity	of	a	single	face	over	a	short	retention	period;	the	face	was	presented	in	one	corner	of	Sq1	which	itself	would	appear	in	one	of	the	four	quadrants	of	Sq2.	After	the	initial	presentation	of	the	face	array	there	was	a	short	delay,	followed	by	a	probe	from	one	of	three	conditions:	No	change:	where	the	probe	was	identical	to	the	array;	global	change:	where	the	face	retained	its	location	in	Sq1,	but	Sq1	moved	to	a	different	quadrant	of	Sq2;	and	local	change:	where	the	face	moved	to	a	different	corner	of	Sq1,	and	Sq1	moved	to	a	different	quadrant	of	Sq2	(a	reminder	of	the	array	and	probe	types	is	shown	in	>igure	5.1).		
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Chapter Five. General Discussion
In	sum,	Chapter	4	demonstrated	that	older	adults	seemingly	do	not	differ	from	younger	adults	in	their	use	of	absolute	or	relative	object	location	as	a	contextual	cue	for	object	recall.	Both	younger	and	older	participants	showed	binding	between	the	object	and	location,	evidenced	by	some	slowing	of	performance	when	the	initial	relative	or	absolute	location	of	the	object	changes	between	display	and	test.	This	suggests	that,	even	though	not	relevant	to	the	task,	the	shapes	were	bound	to	some	form	of	spatial	representation	by	both	younger	and	older	adults.	This	further	suggests	that	the	ageing-context	hypothesis	may	be	incompatible	with	explaining	older	adult	location	binding	performance.	There	was	no	evidence	of	a	particular	advantage	of	preserving	the	relative	vs.	absolute	position	of	the	object	between	display	and	test,	standing	in	contrary	to	Olson	and	Marshuetz’	(2005)	suggestion	that	this	should	occur	when	the	relative	location	is	preserved.	
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Chapter Five. General Discussion
possible	that	differences	would	become	apparent	at	a	neurological	level.	Jost,	Bryck,	Vogel,	and	Mayr	(2011)	assessed	the	possible	dissociation	between	age	related	working	memory	de>icits,	and	age	related	inhibitory	de>icits.	Groups	of	younger	and	older	adults	were	assessed	on	their	performance	in	a	change	detection	task	with	one,	three,	or	>ive	objects,	in	which	some	objects	were	marked	as	irrelevant,	with	both	behavioural	and	EEG	measures	recorded.	Behavioural	measures	showed	older	adults	to	perform	more	poorly	than	younger	adults	in	respect	of	all	set	sizes,	with	the	difference	between	younger	and	older	adults	increasing	as	set	size	increased;	a	pattern	of	performance	most	simply	explained	as	a	WM	de>icit.	However,	EEG	was	used	to	record	the	contralateral	delay	(a	slow	negative	wave	sensitive	to	the	number	objects	held	in	WM;	Luria,	Balaban,	Awh,	&	Vogel,	2016)	and	comparisons	between	this	measure	in	the	single	stimulus	conditions,	and	that	in	the	three	object	conditions	yielded	some	telling	>indings.	For	younger	adults,	there	was	little	difference	in	the	timing	of	the	contralateral	delay	when	comparing	the	single	stimulus	condition,	with	the	three	object	condition	(where	two	of	the	objects	would	be	marked	irrelevant).	This	indicates	that	younger	adults	were	effectively	>iltering	the	display	to	focus	only	on	the	task	relevant	object	from	the	moment	the	display	appeared	on	screen.	Older	adults	however,	showed	a	marked	difference	in	the	contralateral	delay	between	these	conditions.	This	was	taken	as	evidence	that	in	the	early	stages	of	processing	the	visual	display,	older	adults	are	not	able	to	>ilter	the	irrelevant	stimuli,	and	it	is	this	ineffective	inhibition	that	drives	the	poorer	behavioural	performance.	Moreover,	estimates	of	the	working	memory	capacity	estimate,	K,	were	also	taken	for	all	participants.	This	allowed	the	researchers	to	compare	younger	adults	with	low	WM	capacity,	with	older	
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Chapter Five. General Discussion
monitored	by	the	experimenter,	there	are	bene>its	to	recording	participants’	utterances.	For	example,	these	recordings	can	be	used	to	check	that	the	concurrent	tasks	were	adhered	to	throughout	the	required	period	in	each	experiment,	and	the	rate	at	which	utterances	are	produced	can	be	systematically	measured.	This	measure	would	then	allow	the	calculation	of	a	simple	measure	to	check	whether	participants	slowed	their	articulation	during	more	demanding	parts	of	each	trial,	such	as	during	encoding	or	retrieval.	Those	participants	who	do	not	adhere	to	the	concurrent	task	instructions,	or	who	strategically	change	their	production	rate	can	then	be	removed	from	analyses	producing	more	consistent	data.	In	terms	of	future	research	plans,	the	>irst,	and	most	obvious,	direction	for	the	continuation	of	this	research	is	to	revisit	the	incidental	binding	paradigm	utilised	in	Chapter	3	to	investigate	incidental	location	binding.	The	premise	that	older	adults	are	completing	the	experiment	as	a	feature	inhibition	task,	as	suggested	in	the	discussion	of	Experiment	7,	should	be	investigated	using	Magnetoencephalography	(MEG).	With	Campo	et	al.	(2010)	having	already	conducted	a	similar	investigation	with	younger	adults,	they	should	again	be	used	to	record	a	baseline	measure,	to	which	older	adult	behavioural	performance	and	MEG	recordings	are	compared.	This	would	inform	whether	older	adult	performance	is	indeed	re>lective	of	approaching	the	task	as	a	feature	inhibition,	rather	than	a	feature	binding,	task.	Similarly,	the	issue	of	binding	to	relative	or	absolute	location	should	be	replicated	with	the	addition	of	MEG	recordings.	Although	it	would	appear	statistically	that	older	and	younger	adults	do	not	differ	in	terms	of	performance,	comparisons	with	Experiment	7	suggest	that	older	adults	may	be	completing	the	task	differently	but	in	such	a	way	that	behavioural	data	appears	in	the	same	pattern	for	both	age	groups.	
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	 	 	 	 Comparisons	(df=50)																																																																																																t-statistic	(BF10)
Probe	Type Mean Standard	Deviation 	 Intact Recombined New	Location New	Shape New	Both
Intact 93.93 5.78 - 2.65*	(3.54) 3.04**	(8.80) 2.42*		(2.14) 0.70						(0.19)
Recombined 89.95 10.08 - - 0.44	(0.17) 0.46	(0.17) 2.12	(1.18)
New	Location 89.16 10.45 - - - 0.07	(0.15) 2.70**						(3.94)



























	 	 	 	 Comparisons	(df=56)																																																																																																t-statistic	(BF10)
Probe	Type Mean Standard	Deviation 	 Intact Recombined New	Location New	Shape New	Both
Intact 79.24 14.21 - 2.67*					(3.49) 1.21	(0.29) 3.77**	(62.32) 1.92	(0.80)
Recombined 74.90 16.39 - - 1.09	(0.25) 2.27	(1.52) 0.10		(0.15)
New	Location 76.98 16.56 - - - 3.40**		(22.28) 1.25				(0.30)





























	 	 	 	 Comparisons	(df=24)																																																																																																t-statistic	(BF10)
Probe	Type Mean Standard	Deviation 	 Intact Recombined New	Location New	Shape New	Both
Intact 73.33 19.78 - 2.37*												(2.15) 1.89												(0.97) 0.29							(0.22) 1.90										(0.99)
Recombined 68.83 20.86 - - 0.31										(0.22) 0.85		(0.29) 3.04**		(7.79)
New	Location 69.54 20.47 - - - 0.87**		(0.30) 3.91**			(49.90)





	 	 	 	 Comparisons	(df=24)																																																																																																t-statistic	(BF10)
Probe	Type Mean Standard	Deviation 	 Intact Recombined New	Location New	Shape New	Both
Intact 1021 296 - 1.76	(0.80) 0.35	(0.22) 2.91**		(5.97) 2.34*						(2.03)
Recombined 1057 333 - - 1.13	(0.38) 2.11*	(1.38) 1.24	(0.42)
New	Location 1030 268 - - - 2.04	(1.24) 2.86**						(5.35)
New	Shape 1102 395 - - - - 0.18	(0.21)New	Both 1096 308 - - - - -
*p	<	.05				**p	<	.01
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Positive	Probe	Type	Analysis	
Analysis	of	the	positive	probe	types	(shape:	Intact,	Recombined,	New	Location;	Location:	Intact,	Recombined,	New	Shape)	was	also	conducted.	
Accuracy:	A	2	(Load:	Low,	High)	x	2	(Relevant	Feature:	Shape,	Location)	x	3	(Probe:	Intact,	Recombined,	Alternative	‘Yes’)	ANOVA	revealed	a	main	effect	of	Load,	F(1,24)	=	28.55,	MSE	=	3.60,	p	<	001,	ηp2	=	.54,	BF10	=	1.53e+8,	with	performance	in	the	low	load	condition	(M	=	76.28,	SD	=	19.88)	producing	better	accuracy	than	the	high	load	condition	(M	=	64.63,	SD	=	18.52);	a	signi>icant	main	effect	of	relevant	feature,	F(1,24)	=	22.41,	MSE	=	3.30,	p	<	.001,	ηp2	=	.48,	BF10	=	63292.29),	with	lower	accuracy	in	the	shape	condition	(M	=	65.51,	SD	=	20.00)	relative	to	the	locations	condition	(M	=	75.41,	SD	=	18.90).	There	was	no	signi>icant	main	effect	of	probe	type,	F(2,48)	=	2.49,	MSE	=	2.50,	p	=	.09,	ηp2	=	.09,	BF10	=	0.27.	There	was	a	signi>icant	interaction	between	Load	and	Relevant	Feature,	F(1,24)	=	39.14,	MSE	=	1.50,	p	<	.001,	ηp2	=	.62,	BF10	=	1.39E+05;	but	no	interaction	of	Relevant	Feature	and	Probe	type	F(2,48)	=	1.36,	MSE	=	0.90,	p	=	.26,	ηp2	=	.05,	BF10	=	0.11;	or	of	Load	and	Probe	Type	F(2,48)	=	0.14,	MSE	=	2.10,	p	=	.87,	ηp2	=	.01,	BF10	=	0.08.	The	three-way	interaction	was	similarly	non-signi>icant,	F(2,48)	=	1.09,	MSE	=	1.03,	p	=	.35,	ηp2	=	.04,	BF10	=	0.19.			
Reaction	Time:	An	ANOVA	as	above	revealed	a	main	effect	of	Load,	F(1,24)	=	8.28,	MSE	=	192431,	p	<	01,	ηp2	=	.26,	BF10	=	197982.78,	with	performance	in	the	low	load	condition	(M	=995,	SD	=	260)	producing	faster	responses	than	the	high	load	condition	(M	=	1119,	SD	=	341);	no	main	effect	of	relevant	feature,	
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F(1,24)	=	0.01,	MSE	=	158220,	p	=	.92,	BF10	=	0.13,	and	no	main	effect	of	probe	type	F(2,48)	=	1.43,	MSE	=	24466,	p	=	.25,	ηp2	=	.06,	BF10	=	0.06.	There	were	no	signi>icant	interactions	between	Load	and	Relevant	Feature,	F(1,24)	=	2.93,	MSE	=	80719,	p	=	.10,	ηp2	=	.11,	BF10	=	1.48;	Relevant	Feature	and	Probe	type	F(2,48)	=	0.90,	MSE	=	16058,	p	=	.41,	ηp2	=	.04,	BF10	=	0.09;	or	of	Load	and	Probe	Type	F(2,48)	=	0.21,	MSE	=	17647,	p	=	.82,	ηp2	=	.01,	BF10	=	0.07.	The	three-way	interaction	was	similarly	non-signi>icant,	F(2,48)	=	0.34,	MSE	=	10186,	p	=	.71,	ηp2	=	.01,	BF10	=	0.12.	
Negative	Probe	Type	Analysis	
Analysis	of	the	negative	probe	types	(shape:	New	Shape,	New	Both;	Location:	New	Location,	New	Both)	was	also	conducted.	
Accuracy:	A	2	(Load:	Low,	High)	x	2	(Relevant	Feature:	Shape,	Location)	x	2	(Probe:	New	Both,	Alternative	‘No’)	ANOVA	revealed	a	main	effect	of	Load,	F(1,24)	=	37.33,	MSE	=	2.70,	p	<	001,	ηp2	=	.61,	BF10	=	4.72e+8,	with	performance	in	the	low	load	condition	(M	=	80.62,	SD	=	14.16)	producing	better	accuracy	than	the	high	load	condition	(M	=	69.38,	SD	=	17.25);	a	signi>icant	main	effect	of	relevant	feature,	F(1,24)	=	11.61,	MSE	=	3.10,	p	<	.01,	ηp2	=	.33,	BF10	=	97.40,	with	lower	accuracy	in	the	shape	condition	(M	=	72.25,	SD	=	16.38)	relative	to	the	locations	condition	(M	=	80.75,	SD	=	17.20)	and	additionally	a	signi>icant	main	effect	of	probe	type,	F(1,24)	=	36.51,	MSE	=	0.90,	p	<	.001,	ηp2	=	.60,	BF10	=	3.84,	with	performance	in	the	alternative	‘no’	condition	(M	=	72.51,	SD	=	18.77)	less	accurate	than	in	the	New	Both	condition	(M	=	80.49,	SD	=	
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15.04).	There	was	no	interaction	between	Load	and	Relevant	Feature,	F(1,24)	=	2.52,	MSE	=	2.50,	p	=	.13,	ηp2	=	.10,	BF10	=	0.92;	there	was	a	signi>icant	interaction	of	Relevant	Feature	and	Probe	type	F(1,24)	=	5.36,	MSE	=	0.90,	p	=	.03,	ηp2	=	.18,	BF10	=	3.35;	and	of	Load	and	Probe	Type	F(1,24)	=	6.07,	MSE	=	1.30,	p	=	.02,	ηp2	=	.20,	BF10	=	0.31	(though	the	Bayes	Factor	indicates	the	opposite).	The	three-way	interaction	was	also	signi>icant,	F(1,24)	=	8.14,	MSE	=	1.50,	p	<	.01,	ηp2	=	.25,	BF10	=	84.40.			
Reaction	Time:	An	ANOVA	as	above	revealed	a	main	effect	of	Load,	F(1,24)	=	5.77,	MSE	=	106613,	p	<	.01,	ηp2	=	.19,	BF10	=	58.48,	with	performance	in	the	low	load	condition	(M	=	1035,	SD	=	307)	leading	to	faster	responses	than	the	high	load	condition	(M	=	1145,	SD	=	314);	a	signi>icant	main	effect	of	relevant	feature,	F(1,24)	=	9.60,	MSE	=	110517,	p	<	.01,	BF10	=5915.89,	with	responses	in	the	shapes	condition	(M	=	1163,	SD	=	333)	slower	than	in	the	locations	condition	(M	=	1017,	SD	=	278);	though	no	main	effect	of	probe	type	F(1,24)	=	0.52,	MSE	=	14697,	p	=	.48,	ηp2	=	.02,	BF10	=	0.16.	There	were	no	signi>icant	interactions	between	Load	and	Relevant	Feature,	F(1,24)	=	3.23,	MSE	=	28659,	p	=	.09,	ηp2	=	.12,	BF10	=	0.58;	Relevant	Feature	and	Probe	type,	F(1,24)	=	0.66,	MSE	=	12778,	p	=	.43,	ηp2	=	.03,	BF10	=	0.23;	or	of	Load	and	Probe	Type,	F(1,24)	=	0.40,	MSE	=	247269,	p	=	.54,	ηp2	=	.02,	BF10	=	0.21.	The	three-way	interaction	was	similarly	non-signi>icant	F(1,24)	=	0.02,	MSE	=	9961,	p	=	.89,	BF10	=	0.28.
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